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We provide a possible explanation of a 750 GeV diphoton excess recently reported by both the
ATLAS and CMS collaborations in the context of phenomenological spin-2 resonance scenarios,
where the independent effective couplings of the resonance with gluons, quarks and photons are
considered. We find a parameter region where the excess can be accounted for without conflicting
with dijet constraints. We also show that the kinematical distributions might help to determine the
couplings to gluons and quarks.
Introduction: A heavy spin-2 resonance is one of several
well-motivated new physics candidates, and provides a
possible explanation of 750 GeV diphoton excess recently
reported by both the ATLAS [1] and CMS [2] collabora-
tions with the early LHC Run-II data. The CMS anal-
ysis [2] considered the Randall–Sundrum (RS) model [3]
to constrain the massive graviton as well as to explain
the excess, followed by several theoretical spin-2 inter-
pretations [4–10].
In this article, we interpret the excess as a spin-2
resonance that has independent effective couplings to
gluons, quarks and photons as a minimal phenomenolog-
ical approach. In this model, a massive spin-2 particle
is produced via gg and/or qq¯ initial states and decays
into a pair of photons. We explore the viable parameter
region that accounts for the reported excess. The
resonance can also decay into a pair of partons, giving
dijet final states at the leading order, which implies that
the existing 8 [11–13] and 13 TeV [14, 15] dijet data
potentially exclude a part of the model parameter space.
This is also taken into account in this study. Moreover,
we investigate kinematical distributions which may give
more information on the couplings to gluons and quarks.
Model: We consider a massive spin-2 particle which cou-
ples to the standard model (SM) gauge and matter fields
through their energy–momentum tensors [16, 17]
Leff = − 1
Λ
[
κγ T
γ
µν + κg T
g
µν + κq T
q
µν
]
Xµν2 , (1)
where Xµν2 is the spin-2 resonance and T
γ,g,q
µν are the
energy-momentum tensors; see the explicit formula, e.g.
in Refs. [17, 18]. Here, for simplicity, we only consider
the interactions with photons, gluons and light quarks.
While conventional graviton excitations have a universal
coupling strength Λ−1, where Λ is the scale parameter
of the theory, following [19, 20] we introduce the phe-
nomenological coupling parameters κγ , κg and κq with-
out assuming any UV models. We note that the inclusion
of interactions with other SM particles such as leptons,
top quarks and weak bosons is straightforward but one
should then consider additional constraints from dilep-
ton, tt¯ and diboson searches.
We generate the signal events at the parton level by
employing the Higgs Characterisation (HC) [21] model,1
where the Lagrangian (1) was implemented (based
on [18, 23]).2 The HC model file is interfaced [24, 25] to
the MadGraph5 aMC@NLO event generator [26].
Analyses (rates): In the following we consider three
benchmark scenarios:
I: κg 6= 0, κq = 0 (gluon dominant scenario) ,
II: κg = 0, κq 6= 0 (quark dominant scenario) ,
III: κg, κq 6= 0 (mixed scenario) ,
with κγ 6= 0. We fix the scale Λ at 10 TeV throughout
our study.
We start from the simple two-dimensional parameter
scans, i.e. scenarios I and II. Figure 1 shows the to-
tal cross section for the spin-2 boson production at the
13 TeV LHC (left), the diphoton branching ratio (mid-
dle), and the region accounting for the 750 GeV dipho-
ton excess (right) in the κγ–κg (top) and κγ–κq (bottom)
planes.
The X2 production rate is proportional to κ
2
g (κ
2
q) in
scenario I (II). For κg = 1 (κq = 1) the cross section is
4.2 pb (0.6 pb), where the NNPDF2.3 [27] is employed
and the factorisation scale is fixed at mX2 = 750 GeV.
For κg ∼ κq the production rate of the gluon-induced
process is larger than that of the quark-induced one by
a factor of seven due to the larger parton luminosity.
The diphoton branching ratio depends on both κγ and
κg,q, and is determined by the partial widths
Γ{γγ, gg, qq} =
m3X2
80piΛ2
{
κ2γ , 8κ
2
g, 6κ
2
q
}
, (2)
1 The model file is publicly available at the FeynRules [22] repos-
itory.
2 Although the HC model is designed to study the spin–parity
nature of the 125 GeV Higgs boson, one can easily change its
mass mX2 as a parameter.
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FIG. 1: Left: Total cross section for the spin-2 boson production at the 13 TeV LHC. Center: Diphoton branching ratio.
Right: Regions explaining the 750 GeV diphoton excess and constrained by the dijet data; see the text for details. The gluon
(quark) dominant scenario I (II) is shown in the top (bottom) panels.
where four quark flavours are considered. Mad-
Width [28] provides the above partial decay rates for
each parameter point. The X2 total width is 1.4
(1.1) GeV for κγ = κg(q) = 3; i.e. the X2 has a narrow
width for the entire parameter space in our scenarios.
We will briefly discuss the broad resonance scenario in
the summary section.
In the right plots in Fig. 1, the red shaded region can
fit the ATLAS and CMS diphoton excess (2–12 fb) [1, 2],
where, in addition to the minimal cuts pγT > 25 GeV and|ηγ | < 2.37, the fiducial cut [1]
pγT > 300 GeV (3)
is imposed. The red dotted lines refer to the same re-
gion but without any cuts, i.e. derived by the simple
σ(pp → X2) × B(X2 → γγ) calculation. One can easily
understand the shape of the region from (the left plot)
× (the middle plot). Analytically, σ × Bγγ ∝ κ2γ for
κγ  κg,q, while σ × Bγγ ∝ κ2g,q for κγ  κg,q. For the
quantitative estimation, on the other hand, we find that
the effect of the fiducial cut is significant. We checked
that the effect of the minimal cuts is small. It should be
noted that the effect of the fiducial cut is larger for the
gluon case (I) than that for the quark one (II). This can
be explained by the difference of the kinematical distri-
butions between the two cases, which will be discussed
later.
As mentioned in the Introduction, the existing dijet
data may constrain the allowed parameter space. The
green and blue shaded regions in the right plots of Fig. 1
present the exclusion by the dijet analyses at
√
s = 8 [11–
13] and 13 TeV [14, 15], respectively. To evaluate the
dijet constraints, in addition to the minimal cuts pjT >
30 GeV and |ηj | < 2.5, the selection cut [13, 14]
|∆ηjj | < 1.3 (4)
is imposed. We take the 95% confidence level (CL) up-
per limits on the cross section at
√
s = 8 TeV from the
CMS analysis [13]: 2.0 (0.8) pb for the gg (qq¯) type dijet
resonance. For the 13 TeV dijet constraint, on the other
hand, there is no analysis below mjj < 1 TeV yet [14, 15],
and hence we simply extrapolate the CMS limits at the
1.5 TeV resonance mass, i.e. 2.0 (0.9) pb for the gg (qq¯)
type resonance [14], as a conservative constraint. We
also show the ten-time stronger limits (0.2 pb for gg and
0.09 pb for qq¯) at
√
s = 13 TeV as a future constraint.
Similar to the diphoton case, the blue dotted lines show
the 13 TeV dijet constraints derived by σ ×Bjj without
any cuts. For the dijet case, σ×Bjj ∝ κ2g,q for κγ  κg,q,
while σ ×Bjj ∝ κ4g,q/κ2γ for κγ  κg,q.
We conclude that the current (and near future)
dijet constraints are not strong enough to exclude the
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FIG. 2: Contributions of gg and qq¯ subprocesses to 750 GeV
spin-2 particle production at the LHC as a function of R =
κq/κg.
parameter region accounting for the diphoton excess
for both the gg and qq¯ scenarios. We note that the
κg(q) = κγ = 0.25 (0.4) case gives σfid(γγ) ∼ 10 fb.
Since the κg–κq mixed scenario III is estimated by the
linear combination of the two scenarios I and II, we can
always adjust the parameters to fit the diphoton excess
without conflicting the dijet constraints. However, the
information of the total rate is not enough to determine
a unique (κg, κq) solution. We note that since the effect
of the fiducial cuts is sizeable, a more precise analysis
should include, e.g., next-to-leading-order (NLO) cor-
rections in QCD [29], effects of additional partons in the
final state [21], hadronisation, and detector response.
Such a study will be reported elsewhere.
Analyses (distributions): We now turn to the possibil-
ity of determining the values of κg and κq for the mixed
scenario III in the diphoton events. Since angular depen-
dence at the partonic centre-of-mass frame for a spin-2
particle production is different between gg and qq¯ ini-
tial states [30], kinematical distributions may be able to
provide additional information.
Figure 2 shows the individual contributions of gg and
qq¯ initial states in pp → X2 production at the 13 TeV
LHC as a function of the ratio between κq and κg,
R ≡ κq/κg. As a reference, the 8 TeV LHC case is
also shown by a dashed line. As mentioned above, the
gluon-induced process is dominant at R = 1, i.e. the
universal coupling case. To present the kinematical dis-
tributions below, we choose four benchmark points as
R = 0.1, 1.0, 2.5, 10, which give 99%, 87%, 52%, 7% gg
contributions, respectively. For a certain R, we can al-
ways find the κ parameters to satisfy both the excess and
the constraints.
Figure 3 shows the normalised η and pT distribu-
tions of the photon for the above benchmark points.
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FIG. 3: Normalised photon pseudorapidity (top) and trans-
verse momentum (bottom) distributions in pp → X2 → γγ
process at
√
s = 13 TeV for different R values, without any
kinematical cuts.
Comparing with the gluon-induced process (R = 0.1),
qq¯ annihilation (R = 10) produces the photons in the
more central and higher-pT regions. These kinematical
features can explain the large difference of the signal
acceptance between scenarios I and II, observed in
Fig. 1(right). Although the fiducial cut diminishes the
distinction between the different mixed cases, we could
still observe the difference once we have enough data.
A variation of the fiducial volumes can help to resolve
the κg and κq values. One caveat is that nonuniversal
couplings to gluons and quarks, κg 6= κq, give rise to a
unitarity-violating behaviour at the NLO in QCD, espe-
cially in the pX2T > mX2 region [21]. We note, however,
that we can always find the region explaining the excess
under the κg = κq condition; e.g. κg = κq = 0.1 with
κγ = 0.4, providing σfid(γγ) ∼ 10 fb.
Summary and discussion: We interpreted the 750 GeV
diphoton anomaly recently reported at the LHC as a
spin-2 narrow resonance which only couples to photons,
gluons and light quarks. We introduced the three inde-
pendent coupling parameters, κγ , κg and κq, and found
4the viable parameter regions explaining the diphoton ex-
cess without conflicting the dijet constraints. The dipho-
ton kinematical distributions are distinctive between the
gg and qq¯ subprocesses, which leads to different signal
acceptances and provides a possibility to determine the
parameters uniquely.
Although we only considered the spin-2 couplings to
the SM particles relevant to the diphoton and dijet anal-
yses as a minimal phenomenological framework with-
out assuming any UV models, extensions of the model
are straightforward, but should include more constraints
such as dilepton, diboson, and tt¯ final states.
Before closing, we mention the broader resonance
case, which is indicated by the ATLAS data [1]. Our
viable parameter region only provides a narrow width
even after including all the SM decay channels. In
passing, ΓX2 ∼ 45 GeV requires Λ ∼ 950 GeV in the
RS model with a universal coupling, which is excluded
by the dijet data. Therefore, other decay channels such
as dark matter [7] are necessary to have such a wider
resonance.
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